INTRODUCTION
Several industrial processes deal with oil-water emulsions. For example in the alimentary industry, this type of emulsions are commonly used. Several foods are presented in emulsion form were mayonnaise is perhaps the most popular [1] . Water in oil emulsions are also important in the petroleum industry, specially in the first stage in the transport from the extraction to the refinery [2] . These are examples of opposite objectives, where in food applications we are interested in high stable emulsions, in the petroleum industry the emulsion must be broken in order to extract the water from the oil. In all cases, evaluation of the stability of the emulsion is of interest.
In this work we present the use of a multiple scattering sensor in order to evaluate the stability of a water in oil emulsion made from SAE68 commercial oil [3] . To evaluate the proposed technique, the results are compared with a classical pulse-echo ultrasonic cell. Multiple scattering measurements are suitable to detect small changes in the emulsion and under very controlled conditions, to predict the volume fraction [4] . Experiments are conducted in two different setups, the first considers an air in oil emulsion and is performed to evaluate the transitory behavior of the measurements. On the other hand, the technique is evaluated to determine the volume fraction of different water in oil mixtures.
METHODOLOGY
This section describes the methodology for the different ultrasonic measurements and the signal processing associated with them. The procedure to prepare the samples for the experiments is also described. All signals are acquired using a digital oscilloscope (Agilent 5032A) communicated via USB and after processed using Matlab software. During all experiments, the temperature is stabilized and measured (Delta OHM HD2107.2).
I. PULSE-ECHO MEASUREMENTS
In order to compare the obtained results with a well known technique, a pulse-echo cell was moun ted. The cell if formed with an aluminum plate, with adjustable parallelism, and a 5 MHz immersion transducer (Olympus U8423013). To generate the pulse an analog pulser (Olympus 5077PR) was used. Figure 1 shows a photograph of the cell and the received pulse-echo signal. After acquisition the signals were processed in order to obtain the relative changes in the energy and the relative changes in the propagation time.
Figure 1. Pulse -echo setup. A constructed cell. B Echo from the reflecting wall. C Amplitude spectrum.

II. MULTIPLE SCATTERING MEASUREMENTS
To have more information about the propagating media, a multiple scattering cell is constructed. The actual cell consists in an array of wires places in front of the emitter in order to obtain the multiples echoes from the wires. Figure 2 shows the cell and the echo response of the multiple scattering reflection. The emitter is a 3.5 MHz immersion transducer (Olympus U8423065). To generate the pulse a similar analog pulser (Olympus 5077PR) was used. To evaluate the changes in the emulsion three different signal processing were used. First, the maximum of the cross-correlation between a reference state and the actual signal, this maximum has information about the energy and the relative phases between the components of the spectrum. Second, the cross-correlation is normalized by the energy of each signal. This processing has information about the phases changes in the spectrum. Finally the relative changes of the total energy is also computed. 
III. EXPERIMENTAL SETUP TRANSIENT ANALYSIS
In order to evaluate the time constant in a transient regime we produce a mix of air bubbles in oil. To determine this time constant, air baubles are introduced with a mechanical mixer (IKA Labortechnik, model T25 basic). After one minute of mixing, the ultrasonic echo were continuously monitored form the pulse-echo and the multiple scattering cell until all the bubbles disappear. Due the viscosity, the temperature of the sample increases a fraction of degree depending on the mixing time.
IV. EXPERIMENTAL SETUP VOLUME FRACTION
In order to determinate the volume fraction of the water in oil emulsion, seven different samples were prepared and thermostated, the temperature variation during each experiment was less than 0.1 C. The fractions are 0, 2.5, 5, 7, 9, 11, 13 [%water in oil]. After the samples are stabilized, they are measured with both cells in order to detect the % using different measures on the echo signals.
RESULTS
I. TRANSIENT ANALYSIS
After one minute of mixing the echo signal from both cells is recorded. Here we can see the evolution of the different measures as as function of time. Mixing produces two effects, the generation of air bubbles and a slight increment in the temperature. These two effects produce changes in the different measures. The first ten minutes after the end of the mixing is dominated by the bubbles dynamics, and evolution can be approximated by an exponential law as shown in Fig 3. However, the time to recover the initial state is greater than one hour. All measures shows similar results. Figure 3. Transient response. All blue symbols are analysis results from multiple scattering responses. Blue line,  cross-correlation with the initial state. Blue points, normalized by energy cross-correlation. Blue squares, energy. Black dots, energy from pulse-echo cell.
II. VOLUME FRACTION DETERMINATION
In this case, the different volume fraction emulsions are measured sequentially keeping the temperature constant. Figure 4 shows the results for both cells using different signal processing. Here we can see that all measures are repetitive and they show a decreasing behavior when the volume fraction grows.
Figure 4. Volume fraction determination. All blue symbols are analysis results from multiple scattering responses. Blue line, cross-correlation with the initial state. Blue points, normalized by energy cross-correlation. Blue squares, energy. Black dots, energy from pulse-echo cell.
However, here we note that the pulse-echo cell is highly sensible for low concentration of water but losing the linearity when the volume fraction increases. Also, for fractions higher than ten, the output saturates.
The main difficulty for this determination is the stability in the temperature, to have reproducible results the temperature changes must be lower than 0.1C.
CONCLUSION
A multiple scattering cell to measure the stability and the volume fraction in water in oil emulsions was evaluated. The cell was constructed as an accessory to be placed in front of the transducer. The assembly is simple to be used in industrial applications. The scattering cell has three differences with the traditional pulseecho cell. First, the propagation path is higher due to multiple internal reflections. Second, the reflection coefficient depends also on the fluid media properties. Finally, the echo signal, formed by multiple reflection paths give less sensitivity but more linear results. Here we use three different signal processing techniques to monitor the process, however the determination of the propagation delay can also be used.
Pulse-echo technique has more sensitivity compared with the signal processing of the multiple scattering presented here. However, in a short mixing time as one minute, the pulse-echo signal is close to saturates. If we use higher times the pulse-echo signal can't follow the process. Also, depending of the process, temperature and bubbles have different effects in the response. A similar problem occurs when we use higher volume fraction, the pulse-echo response saturates for fractions higher than 20%. There's not a general rule to decide the better technique, it depends on the particular application.
Depending on the application, this type of cell can give better results compared with the traditional pulseecho technique in the case of follow relative changes and the evaluation of the stability of a fluid.
